High populations of Canada geese (Branta canadensis L.) can lead to feces accumulation in areas adjacent to surface waters, creating concern about aquatic eutrophication. Further, turf managers and livestock farmers work to keep their facilities free of noxious or toxic weeds that geese potentially disperse. We investigated the prevalence of viable seeds and nitrogen and phosphorus content in resident Canada goose droppings. During spring, summer, and fall of 2008, we collected 127 fresh individual droppings which were placed in seedling trays within an irrigated greenhouse and allowed 30 days for weed seed to germinate. Trays were cold stratified for 30 days and returned to the greenhouse for an additional 30 days. Also, during summer and fall of 2007 and 2008, we tested 304 fecal samples from 8 sites for total Kjeldahl nitrogen (TKN) and total phosphorus (TP). Out of 127 droppings planted, 4 plants germinated (3.1%): Pennsylvania smartweed (Polygonum pennsylvanicum L.), annual bluegrass (Poa annua L.), and 2 Kyllinga spp. The average amounts of TKN and TP in fecal samples were 24.2 mg/g (range = 12.6 to 55.7) and 3.6 mg/g (range = 1.4 to 8.3) of dry matter, respectively. The results indicate that Canada geese in suburban and urban areas are not frequent vectors of viable seeds, but do have potential to contribute nutrients to adjacent surface waters.
Introduction
Populations of resident Canada geese (Branta canadensis L.) have increased in North America over the past 50 years, especially in suburban areas (1, 10) . Population growth has resulted from an increase in suitable habitats (e.g., golf courses, parks, corporate facilities, airports, and residences), which often contain ponds or lakes surrounded by managed turfgrass (10) . Concentrated goose grazing and fecal build-up can create a variety of management challenges (10) . For example, high concentrations of goose grazing could lead to weed dispersal in areas of managed turfgrass or livestock pastures. Turfgrass managers work to eliminate unwanted plants from turf, and livestock managers must protect livestock from toxic and malnourishing plants invading pastures (13, 14) . Additionally, excessive fecal buildup could contribute to aquatic eutrophication of adjacent and downstream surface water (11) .
Resident Canada goose movements vary widely, ranging from < 1 km to 109 km within a given year (31) . During these movements, geese may translocate nutrients and viable weed seeds (2, 10) . Endozoochory, the process of ingesting and dispersing viable seeds, has been recorded in mammals (18) and birds (2, 6, 22, 29) . Soons et al. (29) demonstrated that mallards (Anas platyrhynchos L.) could disperse viable seeds of 19 different aquatic plant species. Also, viable seeds have been detected in the droppings of migratory Canada geese (2), but research on viable weed dispersal by resident Canada geese in suburban areas is lacking.
Eutrophication is a primary cause of decreased water quality in coastal and inland waters (17) . Nitrogen and phosphorus are the two most common causes of harmful algal blooms, which can cause declines in aquatic biodiversity (11) . In many urban and suburban habitats, goose feces are deposited on hard surfaces or lawns directly adjacent to surface water (10) . If runoff is not filtered or retained, the nutrients from fecal deposits enter the waterway.
Fecal deposits from migratory waterfowl have been identified as potential causes of poor water quality (19, 20, 26) . However, Pettigrew et al. (27) and Unckless and Makarewicz (30) concluded that migratory geese had little or no negative effect on water quality. To our knowledge, our study was the first to focus on nitrogen and phosphorous content of feces from resident Canada geese. Because resident Canada geese spend much of the year in one area, large congregations may lead to higher levels of nutrient loading than documented by previous studies of migratory geese. We measured the amount of total Kjeldahl nitrogen (TKN), a measurement of organic nitrogen and ammonia content (25) , and total phosphorus (TP) (later converted to phosphates) in feces deposited by resident Canada geese. Our objectives were to survey resident Canada goose feces for viable weed seed and measure the amount of TKN and TP in goose feces.
Investigating Seed Prevelance and Nutrient Content In Resident Canada Goose Droppings
We collected feces samples at eight sites in the Triangle (Raleigh-DurhamChapel Hill) region of North Carolina. Sites included three corporate facilities, a park, a suburban residence, a greenway (vegetated area with a path used for recreation), a college, and a dairy farm. The residence and one corporate facility were dominated by bermudagrass (Cynodon dactylon L.) and the other sites were dominated by tall fescue [Schedonorus phoenix (Scop.) Holub. synonym Festuca arundinacea Schreb.]. Each site had at least 0.4 ha of turf adjacent to or nearby a pond or lake and had daily use by geese on a portion of the grounds during early summer, early fall, or both according to site managers. During summer and fall of 2007 and 2008, we counted the number of geese at each site upon daily arrival for 37-day sessions. Goose counts were conducted to verify the presence of geese at sites during the study. At least 0.4 ha of turfgrass used by geese was mowed every 4 to 8 days at heights recommended by site managers as part of an ongoing study on the efficacy of a chemical repellent to deter geese under multiple mowing regimes. Six of the eight sites were sloped toward the pond or lake from goose-grazed lawns, seven of the eight sites did not have complete riparian buffers or grass filter strips separating water from goose-grazed lawns, and three of the sites had impermeable surfaces (e.g., walking paths and parking lots) interspersed among goose-grazed lawns.
Evaluation of Germination Potential. We collected fresh individual goose droppings in March, June, July, and October of 2008. Each dropping was placed on top of a single cell of a seedling germination tray containing MiracleGro potting mix (sphagnum peat moss, forest products compost, and perlite). In each tray, 24 to 43 of the available cells received potting mix with a dropping and the remaining control cells (7 to 20) received only potting soil to test for weed seed contamination of the potting soil or inadvertent contamination. Within 24 hours of fecal collection, each tray was placed into an auto-irrigated greenhouse lighted from 6:00 to 20:00 daily and watered three times per day totaling 3.8 cm/week. Trays were monitored weekly and remained in the greenhouse for 30 days before being placed into 4°C refrigeration for cold stratification (16) . After 30 days of cold stratification, the trays were returned to the greenhouse for 30 additional days.
Evaluation of Nitrogen and Phosphorus Content. From each site, we collected multiple fresh goose droppings where available. The sampling periods were 10 to 12 days apart during each summer (June/July) and fall (September/October) of 2007 and 2008. Samples were stored in a resealable plastic bag and placed on ice immediately after collection and refrigerated or frozen within 12 hours until testing began. From each of the samples, three to five, 50-g subsamples were used to measure the amount of TKN and TP through a persulfate digestion, ammonia salicylate method using an Auto analyzer III (15) . This decomposition method allows the measurement of nitrogen and phosphorus compounds isolated from raw organic materials. Extrapolated values for fecal deposition per hectare were based on the daily total mass of feces collected on a 2-m by 21-m transect. Daily collections were conducted during summer and fall of 2007 and 2008 for the 37 consecutive-day sessions at the previously described study sites.
Germination Results
We potted 43 goose droppings in March with seven control cells, 30 in June with 20 controls, 30 in July with 20 controls, and 24 in October with 12 controls. Four (3.1%) dropping cells and zero control cells germinated a plant. One Pennsylvania smartweed (Polygonum pennsylvanicum L.) grew before cold stratification in a sample collected in March. One annual bluegrass (Poa annua L.) grew after cold stratification from a sample collected in March. One Kyllinga sp. grew before cold stratification in a sample collected in July and one Kyllinga sp. grew after cold stratification from a sample collected in October. We were unable to distinguish between K. brevifolia L. and K. gracillima Rottb. due to lack of seeds for inspection of teeth on the scale keel (4).
Only 2.2% of the total cells and 0% of control cells germinated a plant. The plant species that germinated are common in turfgrass or moist habitats similar to our fecal collection sites (5, 12, 23) . Also, the cold stratification requirements and seed production periods for the plants we detected correspond with the time of dropping collection and greenhouse germination (5, 12, 23) . The plants that germinated are not wind or expulsion dispersed and likely would not have come from adjacent experiments in the greenhouse (5, 12, 23) .
Although three species of plants were germinated in our survey, only annual bluegrass and Kyllinga spp. are common weeds in turfgrass systems in the southeastern United States. Kyllinga spp. can become a problem in turfgrass systems with wet soils if established and allowed to extend rhizomatous growth (12, 21) . Annual bluegrass is a common weed in turfgrass systems throughout the world and has been shown in this study and by Best and Arcese (2) to germinate from seeds in Canada goose feces. Also, annual bluegrass is not a valued plant for livestock pastures in most of the United States (13) . We detected a very low percentage of viable seeds in resident Canada goose feces, most likely indicating that geese are not ingesting many seeds from the frequently mowed turf areas in residential areas where they typically feed. However, because annual bluegrass can produce seeds at heights as low as 0.25 cm, it may have relatively high potential to be dispersed from even frequently mowed turf (5). Nevertheless, because geese feed primarily on young grass, their feces should not contain high numbers of seeds (8) . Hence, resident Canada geese feeding primarily on managed turfgrass do not pose high risk of dispersing viable weed seeds.
Nitrogen and Phosphorus Content
We tested 304 fecal samples for TKN and TP content. The average moisture content of fecal samples was 80%. The average amounts of TKN and TP in fecal samples were 24.2 mg/g (range = 12.6 to 55.7) and 3.6 mg/g (range = 1.4 to 8.3) of dry matter, respectively.
An average of 4.32 kg/ha/day (range 0.04 to 246.91) of dry feces was deposited at our study sites (extrapolated from 2-m by 21-m transects) equating to 104.3 g/ha/day of TKN and 15.5 g/ha/day of TP in dry feces deposited by geese. There was a daily average of 42 geese/site, indicating that each goose deposited an average of 103.9 g/ha/day of dry feces, 2.5 g/ha/day of TKN, and 0.4 g/ha/day of TP. Turfgrass fertilizers contain organic sources of nitrogen similar to those in animal waste (5) . In North Carolina, and in the absence of a soil test, the recommended rate of nitrogen application for turfgrass is 222.28 kg/ha/year for bermudagrass and 123.48 to 148.19 kg/ha/year for tall fescue (3). Our average daily fecal collection and goose count results indicate that 42 geese deposited 17% of the yearly nitrogen application for bermudagrass and 26 to 31% of the yearly nitrogen application for tall fescue (Fig. 1) . Recommended turfgrass fertilizers are commonly formulated with a 3:1 or 4:1 ratio of nitrogen to available phosphates, which are 44% elemental phosphorus (14) . Based on 44% elemental phosphorus, our results indicate that 42 resident Canada geese would deposit the equivalent of 12.85 kg/ha/year of phosphates. Further, the fecal material collected had a nitrogen-to-phosphate ratio of almost 7:1, similar to the 8:1 ratio in waterfowl feces as described by Post et al. (28) . Based on rates recommended by the North Carolina Cooperative Extension Service (3), phosphate application should be 55.57 to 74.09 kg/ha/year for bermudagrass and 33.96 to 45.28 kg/ha/year for tall fescue. Our results indicate that average resident populations of Canada geese deposit 17 to 23% of the annual phosphate application for bermudagrass and 28 to 38% of the annual phosphate application for tall fescue (Fig. 1) . Currently, some states regulate phosphorus fertilizers to protect against eutrophication of adjacent surface waters. State law may restrict the use of fertilizers containing phosphorus unless a soil test determines a deficiency, during lawn establishment, or for use on a golf course or sod farm by a professional (24) . Where phosphorus application is restricted, the relative contribution of phosphorus by populations of Canada geese would be higher than the 17 to 38% annual contribution reported in this study.
Excess fecal nutrient runoff will increase with fecal deposition on hard surfaces or turf areas directly adjacent to unbuffered surface waters (7) . We recommend creating and/or maintaining riparian buffers or vegetative filter strips between surface waters and turfgrass to reduce runoff and eutrophication. Also, thick hedges, tall trees, and unpalatable ground cover may reduce goose use (9) . During our study, concentration of Canada goose grazing pressure varied from site to site and should be considered when determining the fecal nutrient deposition/ha and subsequent effects on aquatic eutrophication. Further research should investigate the nutrient absorption from goose feces by turfgrass, the amount of nutrient runoff reaching surface waters, and the effects of these levels of nutrient runoff on local and downstream water quality.
